A concise approach for the first total synthesis of paecilomycin E is described involving Alder-Rickert reaction, Mitsunobu esterification and ring closing metathesis as the key steps. This approach has successfully demonstrated the Alder-Rickert protocol for the construction of resorcylic acid unit.
Resorcylic acid lactones (RALs) [1] are a group of fungal polyketide metabolites that are structurally consist of a C11 side chain. Majority of these natural products have a 14-membered ring lactone as one of the core structural components. They are known to display a wide range of biological activities such as estrogenic [2] antifungal [3] cytotoxic [4] antimalarial, antiviral, antiparasitic [5] and nematicidal [6] behaviour and also show inhibitory activities against ATPases and kinases [7] . Recently, Chen and Wei et al have disclosed the isolation of six new β-resorcylic acid lactones, named paecilomycins A-F (1-6, Figure 1 ) [8, 9] along with other known resorcylic lactones from mycelial solid culture of Paecilomycessp. SC0924. The structures of these natural products were elucidated by extensive NMR analysis, single crystal X-ray study and chemical correlations. Paecilomycins are found to exhibit antiplasmodial activity against Plasmodium falciparum line 3D7, in particular, paecilomycin E (5) was found to have the remarkable activity with an IC 50 value (20.0 nM). Although there are several reports on the total synthesis of RALs [10] but to the best of our knowledge, there are only two synthetic approaches have been reported on the synthesis of paecilomycins [10e,f]. Inspired by their biological activity and fascinating structural features and also in continuation of our research in the synthesis of biological active natural products [11] , we herein report the total synthesis of paecilimycin E (5).
The retrosynthetic analysis of target molecule 5 is depicted in scheme 1. As per our strategy, paecilomycin E (5) could be achieved by Mitsunobu esterification of acid 7 with alcohol 8 followed by an intramolecular ring closing metathesis (RCM). The acid fragment 7 could be synthesized from the diene 9 and alkyne ester 10 (it can be prepared from commercially available 3-butyne-1-ol) via AldersRickert reaction. Another key fragment 8 could be achieved by olefin cross metathesis of 11 and 12. The compound 12 can be synthesized from compound 14 which in turn could be prepared from commercially available D-ribose. Accordingly, we began the synthesis of fragment 7 from commercially available homopropargyl alcohol 13 in 92% yield [12] .
Next, we attempted the synthesis of aliphatic segment from D-(+)-ribose, (Scheme 3). Accordingly, D-(+)-ribose was converted into hydroxy ester 14 using a known procedure [13] . Primary alcohol of 14 was converted into iodo derivative using iodine, triphenylphosphine (Ph 3 P) and imidazole [14] , which was then treated with Zn/NaI in refluxing ethanol to afford the hydroxy olefin 18 in 80% yield over two steps via the reductive ring opening reaction [15] . Protection of alcohol 18 using TBSCl and imidazole in DMF gave the TBS ether 12 in 92% yield.
The cross-metathesis reaction [16] between pent-4-en-2-ol derivative [17] 11 (1.3 equiv) and alkene 12 using Grubbs second generation catalyst (1 mol%) and in refluxing CH 2 Cl 2 gave the alkene 19 in 79% yield. A catalytic hydrogenation of alkene 19 using Raney Ni under H 2 atmosphere in EtOH afforded the ester 20 in 92% yield. Reduction of ethyl ester 20 using DIBAL-H at -78 °C [18] afforded the corresponding aldehyde, which was immediately treated with C1 Wittig ylide to afford the terminal olefin 21 in 81% yield over two steps. Oxidative removal of PMB group from 21 using DDQ gave the aliphatic segment 8 in 88% yield (Scheme 2). Having sufficient quantities of fragments 7 and 8 in hand, we next attempted the coupling of 7 with 8 under Mitsunobu esterification conditions [10d]. Accordingly, the coupling of acid 7 with alcohol 8 furnished the required ester 22 in 89% yield (Scheme 3). Ring closing metathesis of 22 (RCM) using Hoveyda-Grubbs second generation catalyst (HG-II) [19] afforded the trans-macrolactone 23 exclusively in 80% yield. Global deprotection of the macrolactone 23 was achieved using BCl 3 [10w] in CH 2 Cl 2 at -78 o C to room temperature afforded the target molecule, paecilomycin E (5) in 82% yield. The spectral data and optical rotation of this synthetic compound (5) were in agreement with the data reported in literature [8, 9] .
In conclusion, we have demonstrated an efficient synthetic approach for the synthesis of pacilomycin E starting from easily accessible precursors. The key steps involved in this synthesis are Alder-Rickert reaction, Mitsunobu esterification and ring closing metathesis reaction. This approach is modular for the synthesis of other structurally similar natural products and their analogues. 
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